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57 ABSTRACT 

A Single control unit in a multi-path Synchronization System 
for a CNC controller simultaneously controls a plurality of 
paths. A program Storage unit Stores NC programs corre 
sponding to respective paths. Those NC programs contains 
Synchronization command codes which Specify conditions 
of multi-path Synchronization. A decoding unit decodes the 
NC programs for respective paths. Axis control unit controls 
the axes of a machine containing the paths by executing the 
decoded NC programs a in parallel. While executing the NC 
programs, Synchronization control unit interlocks the motion 
of each axis according to the Synchronization conditions 
Specified by the Synchronization command codes written in 
the NC programs. 

2 Claims, 5 Drawing Sheets 
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MULTI-PATH SYNCHRONIZATION SYSTEM 
FOR CNC CONTROLLER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a multi-path Synchroni 
zation system for a CNC controller in which a single control 
unit Simultaneously controls a plurality of paths, and more 
Specifically, to a multi-path Synchronization System for a 
CNC controller which provides timing control for synchro 
nization among the paths. 

2. Description of the Related Art 
A computerized numerical controller (CNC), in general, 

executes a machining process according to a Sequence of NC 
programs (or part programs) which essentially describe only 
one tool-path at a time, and this type of NC control is thus 
called a Single path control. In contrast to this, there is 
another type of NC control called multi-path control which 
concurrently runs a plurality of NC programs. The multi 
path control is applied to a wide variety of industrial 
machines, whose axes under the control of the CNC con 
troller are divided into Several groups and the motion of each 
group of axes is defined by an individual NC program. Those 
groups of axes are referred to as the “paths.” 

For a smooth operation of the above-described multi-path 
control, the paths have to be properly Synchronized to each 
other at Some points of time. This multi-path Synchroniza 
tion must cover not only the axes directly controlled by the 
CNC but other mechanisms controlled by a programmable 
controller (PC) as well. 

In conventional machines, Some M-codes in NC programs 
have served as the commands to initiate the Synchronization. 
If a certain path has produced such an M-code, the PC 
decodes it to determine a target path which the current path 
is going to Synchronize with, and returns a finish Signal 
(FIN) for the M-code after confirming that the target path 
has also issued an M-code to Synchronize with the current 
path. 

For another example of Synchronization, there is Such a 
Situation that a certain path Suspends its program execution 
until the near-end of another path's positioning operation 
(i.e., waiting until its remaining distance-to-go decreases 
below a predetermined threshold). In this case the PC should 
read out repetitively the remaining distance of the target path 
using window functions, which allow the PC to make acceSS 
to Some internal data in the CNC. 

Further, in the case that one path keeps the other paths 
Standing by for a predetermined period after a certain point 
of time, the PC should set a timer and return the FIN signal 
when the timer has expired. 
AS described above, Such a conventional M-code-oriented 

Synchronization System requires that many things be imple 
mented as the PC tasks. That is, the development engineers 
have to define all the protocols for the Synchronization and 
write complicated ladder programs to compare among the 
M-codes produced from a plurality of paths and interlock 
among the paths, using the window functions and counters. 
This results in an increased number of ladder Steps and a lot 
of man-hours to develop the programs. 

Another problem with the conventional system is that it 
cannot provide any Sophisticated command because only 
one M-code is allowed in one block. Further, in the case that 
an axis Starts in Synchronization with another axis in a 
different path, the processing time could cause a limitation 
in the System performance Since the System begins prepa 
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2 
ratory calculations for the axis motion after reception of a 
Synchronization timing Signal from the path. 

SUMMARY OF THE INVENTION 

A object of the present invention is to provide a multi-path 
synchronization system for a CNC controller, whereby the 
Synchronization can be easily commanded and executed 
without depending too much upon a ladder program and its 
execution by a PC. 
To accomplish the above object, according to the present 

invention, there is provided a multi-path Synchronization 
system for a CNC controller in which a single control unit 
concurrently controls a plurality of paths. This Synchroni 
Zation System comprises the following: 
A program Storage unit Stores NC programs correspond 

ing to the respective paths. Those NC programs contain 
Synchronization command codes with condition data for the 
multi-path Synchronization. A decoding unit decodes the NC 
programs. An axis control unit controls axes in the paths by 
concurrently executing the NC programs decoded by the 
decoding unit. A Synchronization control unit Synchronizes 
the axes in the paths according to the condition data which 
accompanies the Synchronization command codes. 
The above System operates as follows. The program 

Storage unit Stores NC programs, each of which describes 
the motion of each path as well as containing Some Syn 
chronization command codes with the condition data to 
Specify various operational conditions of the multi-path 
synchronization. While the decoding unit decodes the NC 
programs for respective paths, the axis control unit controls 
the machine axes simultaneously executing the decoded NC 
programs. During execution of the NC programs, the Syn 
chronization control unit interlocks the motion of each axis 
according to the condition data given with the Synchroniza 
tion command codes written in the NC programs. 
The above and other objects, features and advantages of 

the present invention will become apparent from the fol 
lowing description when taken in conjunction with the 
accompanying drawings which illustrate a preferred 
embodiment of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a conceptual view of an embodiment of the 
present invention; 

FIG. 2 is a block diagram showing a hardware configu 
ration of a CNC controller according to the present inven 
tion; 

FIGS. 3(A), 3(B), and 4 are diagrams illustrating combi 
nations of Synchronization target paths corresponding to 
various codes, and 

FIG. 5 shows an example of NC program using synchro 
nization command codes. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the present invention will be described 
below with reference to the drawings. 

FIG. 1 is a conceptual view of an embodiment of the 
present invention. Program Storage unit 1 Stores NC pro 
grams 1a, 1b which correspond to respective paths. Note 
that FIG. 1 omits some NC programs for further paths which 
may exist, in order to simplify the illustration. Those NC 
programs 1a and 1b contain Some Synchronization command 
codes 1C, 1d which include condition data to Specify various 



5,815,399 
3 

operational conditions for the multi-path Synchronization. 
Decoding unit 2 decodes the NC programs 1a and 1b for 
respective paths. Executing all the decoded NC programs in 
parallel, axis control unit 3 controls the axes of a machine 5 
contained in the paths SY1 through SYn (n is the number of 
paths). Harmonized with those operations, a programmable 
controller (PC) 4 also controls some other mechanisms 
related to the above axes. During the execution of the NC 
programs, Synchronization control unit 6 interlocks the 
motion of each axis according to the condition data Specified 
by the Synchronization command codes 1C, 1d written in the 
NC programs. 

FIG. 2 is a block diagram showing a hardware configu 
ration of a CNC controller according to the present inven 
tion. 

A processor 11 is a prime constituent of the CNC con 
troller which Supervises all over the controller according to 
System programs Stored in a read-only memory (ROM) 12. 
A random access memory (RAM) 13, which is organized 

by SRAMs and the like, stores temporary data in various 
calculations, display data, I/O Signal data, etc. A nonvolatile 
memory 14 is actually organized by CMOS memory devices 
backed by Some battery cells (not shown), and Stores System 
parameters, NC programs, machine compensation data and 
So on, which must be retained even when the main power is 
removed. 

A CRT/MDI (CRT display and Manual Data Input) unit 
20 is mounted on the front panel of the CNC controller or 
arranged beside a machine operator's panel, which is used 
for displaying numerical data as well as graphics data, 
entering data and operating the CNC. A display control 
circuit 21 converts digital information Such as numerical and 
character data into a raster Video signal and applies it to a 
monitor 22 for displaying them. A CRT or liquid crystal 
display is suitable for the monitor 22. 
A keyboard 23, constructed by alphanumeric keys, Sym 

bol keys and function keys, is used for entering and editing 
NC programs as well as operating the CNC controller. 
Softkeys 24 are located just below the screen of the monitor 
22 and their actual functions depend on the definitions 
displayed on the screen. When the screen is Switched to 
another function, the definitions of the softkeys 24 will 
immediately follow the new function. 

Axis control circuits 15 produce Velocity commands to 
Servo amplifiers 16 in response to the axis motion com 
mands from the processor 11. The servo amplifiers 16 
amplify the Velocity commands and drive servo motors (not 
shown), thereby controlling relative motion among the 
machine axes. Although its details are not shown in FIG. 2, 
the System incorporates the axis control circuits 15 and Servo 
amplifiers 16 as many as the number of axes. A machine 30 
represents an industrial machine Such as a take-up machine, 
whose axes are under the multi-path control provided by the 
CNC controller, where the paths are synchronized by the 
Synchronization commands in NC programs in the way to be 
described later on. 

A programmable machine controller (PMC) 18 receives 
miscellaneous function signals (M-code), mechanical device 
Selection signals (T-code) and the like from the processor 11 
via a bus 19. The M-code includes some synchronization 
commands to be described later on. The PMC 18 deals with 
those signals based on its Sequence control programs and 
produces Some output signals to drive various control 
devices in the machine 30 Such as pneumatic devices, 
hydraulic devices and electromagnetic actuators. In its 
sequence control process the PMC 18 also covers various 
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4 
input Signals from the machine 30 Such as limit Switches, 
push buttons and Switches on the operator's panel, and 
transferS Some necessary input signals to the processor 11 
via the bus 19. 
The following description will provide a specific example 

of the multi-path Synchronization System applied to the 
above-described CNC architecture. 

Every NC program created for the multi-path CNC con 
troller defines the motion of a specific path corresponding 
there with. In case that a certain path requires Synchroniza 
tion with another path at a specific block, the block will be 
programmed with the following Synchronization command: 

where X represents an ordinary motion command code with 
an argument C. to specify the amount of axis motion. The 
execution timing for this motion command code is desig 
nated by the code Qq to be described later in detail. The code 
M9XX is a synchronization command code, where two 
decimal digits XX distinguish the Specific command codes 
from each other, thus being referred to as the Synchroniza 
tion type. The code Pp specifies a combination of the target 
paths to Synchronize with, where its argument p indicates a 
combination pattern as shown in FIGS. 3(A), 3(B), and 4. 

FIGS. 3(A),3(B), and 4 illustrate various combinations of 
the target paths which corresponds to the above P codes, 
specifically in the case of a 6-path control. The symbol “O'” 
shows that the path is a Subject of Synchronization, while the 
other symbol “x” shows that the path is not the subject. 
Taking a code P07 in FIG. 3(A), for example, it means that 
the paths SY1, SY2 and SY3 will be synchronized with each 
other but the remaining paths SY4 to SY6 will not. Another 
code P63 shown in FIG. 4 indicates that all the paths SY1 
through SY6 will be synchronized. 
The aforementioned code Qq is a code to designate 

Synchronization conditions whose contents are specifically 
given by the argument q. When the argument q is Zero or 
omitted, the path will Start execution of its motion command 
code XC. in the same block after synchronization of all the 
paths that have the Same Synchronization command code 
M9XX. In case that no motion command code XO. is specified 
there, the path will simply proceed to the next block after the 
Synchronization. 

If the argument q is in the form of “10n" (n=1,2,...,9), 
the path immediately executes the motion command in the 
block and reports its ready Status to the other paths when the 
remaining distance-to-go of its n-th axis becomes less than 
the value Specified by a code R. The ready Status indicates 
that the path has met the required Synchronization conditions 
and it is now ready to Synchronize with other Specified paths. 

In case that the argument q is 200, the path immediately 
executes the motion command in the block and reports its 
ready Status to the other paths when the time specified by the 
code R has elapsed since the beginning of the block. 
AS already mentioned, the code Rr is a code to specify the 

timing of the Synchronization. Depending upon the code Qq, 
its argument r indicates a remaining distance-to-go in units 
of um or mm (when q is 10n), or the time elapsed since the 
beginning of the block (when q is 200). 

FIG. 5 shows an example of NC program using such a 
Synchronization command code. Actual NC programs for 
multiple paths can be provided in a plurality of Sections in 
a single program file, being Segmented by Some specific G 
codes as FIG. 5 exemplifies. 

This NC program involves three paths SY1, SY2 and SY3 
and these paths respectively consist of two axes, one axis 
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and three axes. The program Starts in a Single-path control 
mode from the block number N001, and in completion of 
this single-path mode, it enters the multi-path control mode, 
where a plurality of NC program blocks from N100, N200 
and N300 will run in parallel, being initiated by the code 
G130 written in those blocks. 

Codes P1, P2 and P3 following the code G130 indicate the 
path numbers. That is, P1 indicates the first path SY1, P2 
indicates the second path SY2, and similarly, P3 indicates 
the third path SY3. In addition to those P codes, the codes 
“X1 Y1” after P1, “Z1” after P2, and “U1 V1 W1” after P3 
respectively show the names of axes under the control of the 
respective paths. 

Block N120 of the program for the first path SY1 com 
mands the following: 

M901 PO7 Q101 R10; 

In this block, the code M901 initiates a multi-path 
synchronization, and the code P07 specifies all the paths 
SY1, SY2 and SY3 to be subject to the synchronization (see 
FIG. 3(A) for the code pattern definition). The next code 
Q101 means that the path will signal the ready status to the 
other paths when the remaining distance-to-go of the first 
axis (i.e., X-axis) becomes less than 10 um (or 10 mm) as 
specified by the code R10. 

In the NC program for the second path SY2, block N220 
commands the following: 

Those two codes, M901 and P07, imply that the second 
path SY2 is also commanded the same Synchronization as 
that in block N120 of the first path SY1. Note that there is 
no Q code specified in this block, which absence means that 
the path SY2 should simply wait for the synchronization 
ready status to be signaled from the first path SY1 before 
advancing toward the next block N230. 
The third path SY3 has the same command “M901 P07” 

as that of the second path SY2. Thus, the path SY3 should 
also wait for the signal from the path SY1 before advancing 
toward the next block N330. 
As described above, in this preferred embodiment of the 

present invention, the Synchronization command code is 
accompanied with various data for conditioning the multi 
path Synchronization Such as a Synchronization type (e.g., 
M901), a combination of target paths (e.g., P07) and syn 
chronization timing conditions (e.g., Q101 R10). The CNC 
can handle all those things by itself so that it will easily 
perform the multi-path Synchronization control. It is no 
longer necessary to write additional ladder programs or 
burden the PMC with more load. 
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The above discussion will be Summarized as follows. 

According to the present invention, the Synchronization 
command codes accompanied with Synchronization condi 
tion data are written in the NC programs of respective paths. 
While those NC programs are concurrently executed So as to 
control the respective axes, the multi-path Synchronization is 
performed according to the Synchronization condition data 
Specified by the Synchronization command codes. This 
structural arrangement allows the CNC to control the syn 
chronization process alone. As a result, the multi-path Syn 
chronization is programmed and executed without help of 
the PC, thereby eliminating conventional work to create 
additional ladder programs and also preventing the PC from 
incurring additional burden. 
The foregoing is considered as illustrative only of the 

principles of the present invention. Further, Since numerous 
modifications and changes will readily occur to those skilled 
in the art, it is not desired to limit the invention to the exact 
construction and applications shown and described, and 
accordingly, all Suitable modifications and equivalents may 
be regarded as falling within the Scope of the invention in the 
appended claims and their equivalents. 
What is claimed is: 
1. A multi-path Synchronization System for a computer 

ized numerical controller (CNC) in which a single control 
unit Simultaneously controls a plurality of paths, compris 
Ing: 

program Storage means for Storing NC programs corre 
sponding to the respective paths, wherein the NC 
programs each describe a motion of a respective one of 
the plurality of paths and each contain Synchronization 
command codes with condition data for the multi-path 
Synchronization; 

decoding means for decoding the NC programs, 
axis control means for controlling axes in the paths by 

Simultaneously executing the NC programs decoded by 
Said decoding means, and 

Synchronization control means for Synchronizing the axes 
in the paths according to the condition data accompa 
nying the Synchronization command codes, wherein 
timing of the Synchronizing is based upon one of a 
remaining distance to go and time elapsed. 

2. A multi-path synchronization system for a CNC con 
troller according to claim 1, wherein the condition data 
comprises a Synchronization type, a combination of target 
paths, and Synchronization timing conditions. 
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